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1
CHLORINE RESISTANT AMIDES,
POLYAMIDES, AND MEMBRANES MADE
FROM THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to chlorine resistant amide
polymers and to membranes made from such and to methods
of using said polymers and membranes.

2. Description of the Related Art

The desalting membrane of choice worldwide is a polya-
mide (PA) membrane. PA membranes are made by forming a
thin PA film on a finely porous surface of a polysulfone (PS)
supporting membrane by an interfacial reaction between the
reactant pair trimesoyl chloride (TMC) and m-phenylenedi-
maine (MPD). The following equation illustrates the chemi-
cal formation of a PA desalination barrier:

NI,

o
o

In the above equation, the first term represents m-phe-
nylenediamine in water, the second term represents the tri-
mesoyl chloride in hydrocarbon, and the resultant term rep-
resents the fully aromatic polyamide thin film. This is the
equation for the PA thin-film composite membrane developed
by Cadotte and E. E. Erickson (Desalination, Volume 32,
25-31, 1980) and, as indicated above, is the membrane in
common use throughout the world.

A great need exists to improve the stability of the present
state-of-the-art membranes used for chlorine disinfection.
Such improvement is critical, for example, in reverse osmosis
(RO) plants operating on wastewaters, surface waters, and
open seawater intakes wherein disinfection by chlorination is
required to control the growth of microorganisms (so-called
biofouling) on the surface of the membrane. These PA mem-
branes are so susceptible to deterioration by chlorine that a
dechlorination step is required when chlorine is used as a
disinfectant in the pretreatment. It will be understood that
dechlorination prior to the PA membrane creates additional
costs and effectively nullifies disinfection on the membrane
surface where disinfection is needed. It is also noted that such
dechlorination does not neutralize all chlorine, and the small
amount of residual chlorine shortens membrane life.

U.S. Pat. No. 7,806,275 (Murphy et al) teach chlorine
resistant polyamides modified with electron-withdrawing
groups are useful to make PA membranes, useful in desalina-
tion units, that exhibit sufficient activity to minimize any
chlorination on both the amine and acid chloride side and
minimize N-chlorination. The patent states that attempting to
add electron-withdrawing groups to the amine side of the
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2

membrane would create a number of problems including: (1)
difficulties in obtaining precursors and overall synthesis; (2)
an increase in electron-withdrawing away from the nitrogen;
(3) resonance problems resulting in ring chlorination; (4)
water solubility problems arising from the addition of hydro-
phobic groups; (5) less reactivity during interfacial polymer-
ization; and (6) all successful membranes made based on
amine modification show problems with flux.

While there are various PA membranes useful for desali-
nation, there still remains a need in the art for a more effective
membrane that is more tolerant to chlorine. The present
invention, different from prior art systems, provides such a
membrane that is useful, for example, for desalination.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention is to pro-
vide a chlorine resistant polyamide made from the reaction
product of an amine and an acid chloride to form a polymer
wherein both the amine and acid chloride are each modified
with at least one electron-withdrawing group providing elec-
tron withdrawing on both ends of the amide bond.

A still further object of the present invention is to provide
a chlorine resistant polyamide made from the reaction prod-
uct of an amine and an acid chloride to form a polymer
wherein both the amine and acid chloride are each modified
with at least one electron-withdrawing group wherein said
acid chloride is selected from the group consisting of monof-
Iuorotrimesoyl (MFTMC), perfluorotrimesoyl chloride
(PFTMC), nitrotrimesoyl chloride (NTMC), perchlorotrime-
soyl chloride (PCTMC), 1,3,5-benzenetri-(difluoroacetoyl
chloride) and mixtures thereof.

A still further object of the present invention is to provide
a chlorine resistant polyamide made from the reaction prod-
uct of an amine and an acid chloride to form a polymer
wherein both the amine and acid chloride are each modified
with at least one electron-withdrawing group wherein said
amine is selected from the group consisting of 4-fluoro-m-
phenylenediamine, 2-fluoro-m-diphenylenediamine, 3,5-di-
aminobenzotrifluoride,  4,6-difluorobenzene-1,5-diamine,
and mixtures thereof.

Another object of the present invention is to provide a
chlorine resistant polyamide membrane made from the reac-
tion product of an amine and an acid chloride to form a
polymer wherein both the amine and acid chloride are each
modified with at least one electron-withdrawing group pro-
viding electron withdrawing on both ends of the amide bond.

A further object of the present invention is to provide a
chlorine resistant polyamide membrane made from the reac-
tion product of an amine and an acid chloride to form a
polymer wherein both the amine and acid chloride are each
modified with at least one electron-withdrawing group
wherein said acid chloride is selected from the group consist-
ing of monofluorotrimesoyl chloride (MFTMC), perfluorot-
rimesoyl chloride (PFTMC), nitrotrimesoyl chloride
(NTMC), perchlorotrimesoyl chloride (PCTMC), 1,3,5-ben-
zenetri-(difluoroacetoyl chloride) and mixtures thereof.

A still further object of the present invention is to provide
a chlorine resistant polyamide membrane made from the
reaction product of an amine and an acid chloride to form a
polymer wherein both the amine and acid chloride are each
modified with at least one electron-withdrawing group
wherein said amine is selected from the group consisting of
4-fluoro-m-phenylenediamine, 2-fluoro-m-diphenylenedi-
amine, 3,5-diaminobenzotrifluoride, 4,6-difluorobenzene-1,
5-diamine, and mixtures thereof.
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Another object of the present invention is to provide a
desalination unit having a membrane support that includes a
chlorine resistant polyamide membrane wherein the chlorine
resistant polyamide is a reaction produce of an amine and an
acid chloride monomer wherein both the amine and the acid
chloride monomer are modified with electron-withdrawing
groups that exhibit activity to (i) minimize any chlorination
on both the amine and acid chloride and (i1) minimize N-chlo-
rination.

A still further object of the present invention is to provide
a desalination unit having a membrane support that includes
a chlorine resistant polyamide membrane wherein the chlo-
rine resistant polyamide is a reaction produce of an amine and
an acid chloride monomer wherein both the amine and the
acid chloride monomer are modified with electron-withdraw-
ing groups that exhibit activity to (i) minimize any chlorina-
tion on both the amine and acid chloride and (ii) minimize
N-chlorination, wherein said amine of said chlorine resistant
membrane is selected from the group consisting of 4-fluoro-
m-phenylenediamine, 2-fluoro-m-diphenylenediamine, 3,5-
diaminobenzotrifluoride, 4,6-difluorobenzene-1,5-diamine,
and mixtures thereof.

A still further object of the present invention is to provide
a desalination unit having a membrane support that includes
a chlorine resistant polyamide membrane wherein the chlo-
rine resistant polyamide is a reaction produce of an amine and
an acid chloride monomer wherein both the amine and the
acid chloride monomer are modified with electron-withdraw-
ing groups that exhibit activity to (i) minimize any chlorina-
tion on both the amine and acid chloride and (ii) minimize
N-chlorination, wherein said acid chloride is selected from
the group consisting of monofluorotrimesoyl chloride
(MFTMC), perfluorotrimesoyl chloride (PFTMC), nitrotri-
mesoyl chloride (NTMC), perchlorotrimesoyl chloride
(PCTMC), 1,3,5-benzenetri-(difluoroacetoyl chloride) and
mixtures thereof.

Further objects and advantages of the invention will
become apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a desalination membrane
unit.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the invention is a chlorine resistant polya-
mide wherein the acid chloride and the amine of a polyamide
are modified with electron-withdrawing groups which mini-
mize ring chlorination on both the acid and the amine side and
minimize N-chlorination as well. In addition to electron-
withdrawing, these chemical groups must have the correct
p-orbitals or & system for resonance to occur, must be spa-
tially small in size so they do not interfere in the polymeriza-
tion process, must be non-ionizing, and must be fairly
straightforward to synthesize from commercially available
precursors to avoid high costs of making the compounds.

Another aspect of the present invention is a chlorine resis-
tant polyamide membrane wherein the acid chloride and the
amine of a polyamide are modified with electron-withdraw-
ing groups which minimize ring chlorination on both the acid
and the amine side and minimize N-chlorination as well. In
addition to electron-withdrawing, these chemical groups
must have the correct p-orbitals or it system for resonance to
occur, must be spatially small in size so they do not interfere
in the polymerization process, must be non-ionizing, and
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4

must be fairly straightforward to synthesize from commer-
cially available precursors to avoid high costs of making the
compounds.

The following equation is an example of the reaction to
make the new polyamides and membranes of the present

invention. Note the fluoro groups on both sides of the amide
bond:

COCl

NH,
F
4 .
NH,  clioc COCl
F

{ gl !
// \\
F F
=0
L —_1

Also, note with this particular formulation that the fluoro
groups are located ortho and para to the other groups on both
rings, giving the correct electronics to permit electron-with-
drawing on both sides of the amide bond.

Another aspect is the use of these membranes in a reverse
osmosis desalination unit that includes a membrane support,
a chlorine resistant membrane supported on the membrane
support wherein the chlorine resistant membrane is a reaction
product of an amine and an acid chloride that both contain
electron-withdrawing groups that minimize ring chlorination
on both the acid and the amine side and to minimize N-chlo-
rination. An additional requirement is that these membranes
of'the present invention have good transport properties of salt
rejection and flux.

The following acid chlorides have been found to be effec-
tive for use in synthesizing the chlorine resistant polyamide
membrane of the invention (U.S. Pat. No. 7,806,275 Murphy
et al; herein incorporated by reference in its entirety).

(6] Cl
F
Cl Cl
(6] (6]
This compound is monofluorotrimesoyl chloride

(MFTMC), and is not available commercially, but has been
synthesized by the applicants. This is a preferred embodiment
of useful acid chlorides.
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Cl Cl

This compound is perfluorotrimesoyl chloride (PFTMC),
and is not available commercially.

This compound is nitrotrimesoyl chloride (NTMC) and is
not available commercially.

This compound is perchlorotrimesoyl chloride (PCTMC)
and is not available commercially.

This compound is 1,3,5-benzenetri-(difluoroacetoyl chlo-
ride) (BTFAC) and is not available commercially.

The first four of the above compounds have in common the
TMC molecule with electron-withdrawing from fluoro,
chloro, or nitro groups. The last compound may also be effec-
tive for the reasons given above. Further, in order to provide
the highly cross-linked polymer system, difunctional acid
chlorides such as 5-fluoro-isophthalic acid chloride and tri- or
tetra-functional amines may also be used.
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The following amines are useful in the present invention:
NH,
i “NH,
F
4-fluoro-m-diphenylenediamine
NH,
@i |
NH,

2-fluoro-m-diphenylenediamine

NH,
F
NH,
F
F

3,5-diaminobenzotrifluoride

NH,
F.
NH5
F
4,6-difluorobenzene-1,5-diamine

All of these above amines are available commercially.

The major thrust of the invention is modifications of both
the amine and acid side of the chlorine resistant polymer. The
groups that are added to both the amine and the acid are
electron-withdrawing groups.

The following membrane is the best candidate:

NI,
cocl
F
F + —_
C NH,
SN cloc cocl



US 9,056,284 B2

7

- -continued _

O O

H a ol I

//N N—~C C\\
F
F—T—F C=0
L F

This is based on membrane data and chemical data from the
corresponding linear polymer.

In the examples that follow, a new class of polyamides and
polyamide membranes is exemplified showing chlorine resis-
tant. It will be appreciated that chlorine resistant PA polymers
should find a wide range of application in industry. Applica-
tion could include linear and highly cross-linked polyamide
polymers for the production of pipes, tanks and the like, fibers
in clothing, chemically resistant coatings, flame retardant
materials (due to the halogen groups), and chlorine resistant
surfactants. Further, even in the area of membranes there is
more than RO, and filtering processes such as microfiltration
(MF), nanofiltration (NF), and ultrafiltration (UF) could all
benefit from PA polymers having improved chlorine resis-
tance.

Although the invention has many different applications as
discussed above, one important application is in the manu-
facture of reverse osmosis (RO) membranes. Referring to
FIG. 1, a spiral wound RO membrane unit 10 is shown which
is typical of those currently used in desalting plants. Unit 10
includes a membrane element 12 which is constructed in
accordance with the present invention. Because element 10 is
conventional apart from membrane 12 and moreover, the
appearance of membrane 12 would not be different for a
conventional membrane, unit 10 will be only briefly
described below by way of background. It will also be under-

8

As described above, one aspect of the present invention is
modifying polyamide polymers so they exhibit chemical sta-
bility in chlorine water environments. Because of the diffi-
culty in obtaining chemical data from polymers, especially
highly-cross linked polymer systems, the examples will show
synthesis of amides which are then exposed to high concen-
trations of chlorinated water. These amides are smaller units;
polyamides are composed of many amide units. However, the
chemical principles of these amides that have been found
apply directly to polyamide polymers.

10

EXAMPLE 1

15
These amides were synthesized by dissolving the acid

chloride in acetone and the amine in pyridine. After stirring
for approximately 30 minutes the amide was precipitated out
in ice water and generally recrystallized from ethanol.

The amides described below were synthesized and exposed
to chlorinated water. The chlorine concentrations were high
to accelerate the degradation and simulate what occurs in
actual reverse osmosis membranes. The compounds were
subjected to the equivalent of approximately 2.4x10° ppm-
hrs of chlorine over a period of approximately 48 hours. The
chlorine exposures are approximately what a reverse osmosis
membrane would receive after about 27.4 years of operation

. at approximately 1.0 mg/LL chlorine.

25

Nuclear magnetic resonance (NMR) using the proton sig-
nal was performed on the amide products before and after
chlorination using a Varian, Mercury 400 MHz instrument.

The following four amides were synthesized:
35

40
stood that membranes made by the methods of the present

invention can be used in different membrane units than that
shown in FIG. 1.

Unit 10 includes an outer pressure vessel 14 typically made
of fiberglass with an anti-telescoping device or shell 16 at
opposite ends thereof. An axially extending product tube 18 is

NMR assignments for 2,2'-difluorobenzanilide

Before

After

10.12p 7.81p(1)t
L)s

10.12p 7.81p(1)t
L)s

773p (Mt 7.60p(1)m 734p(2)q 7.25p(3)m

773p (Mt 7.60p(1)m 734p(2)q 7.25p(3)m

located centrally of element 10, as shown. The membrane
element 12 itself includes a salt rejecting membrane surface
12a which forms part of a membrane leaf 125 including a
tricot spacer 12¢, a mesh spacer 124, and a membrane 12e. It
will be appreciated that the membrane element 12 is the key
component ofunit 10 and defines the actual surface where salt
is separated from water. In embodiments of the present inven-
tion, the membrane is made from the chlorine resistant polya-
mide of the present invention.

o
"y

55

60 F

NMR assignments for 4,2'-difluorobenzanilide

Before

10.14p 806p(2)m 7.60p(1) 737p(2)m 729p(2)m 7.23p(1)m
1)s tf
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-continued

10

After 10.14p 806p(2)m 7.59p(1) 737p(2)m 7.29p(2)m

(s f

723p(1)m

"y
o

I
ZT

NMR assignments for 2,4'-difluorobenzanilide

Labeled 17

"'l,/

I I
- N. N
w
(@] (@] (@]

Before 10.14p 806p(2)m 7.59p(1) 737p(2)m 7.29p(2)m
s tf
10.14p 806p(2)m 7.59p(1) 737p(2)m 7.29p(2)m

(s tf

After

723p(1)m

723p(1)m

[
s

F F

NMR assignments for 4,4'-difluorobenzanilide

Before 10.32p
Ms
10.30p

Ms

8.04p
(2)m
8.03p
(2)m

778
@)m
778
@)m

7367
(2)m
737p
(2)m

7.19p
@)m
7.19p
@)m

After

The above data show no change in the amides after chlo-
rination.

The above four isomers were carefully selected to have the
desired electronics to diffuse the electron cloud around the
lone electron pair on the nitrogen atom of the amide bond and
to represent the different arrangements on the crosslinked
polyamide membrane system. From these data, no chlorine
degradation is demonstrated.

EXAMPLE 2

Linear polyamides would be chemically more similar to
the cross-linked polyamide than the small molecular weight
model amides used in Example 1; both the linear and cross-
linked starting materials are polymers. The advantage of these
linear polymers to the cross-linked polymers is solubility,
making chemical measurements of chlorination possible.

The following linear polyamides were synthesized using
similar procedures to the amide syntheses in Example 1
above:

-continued

I I
.- N N
w
(@] (@] (@]
F F
F

Labeled 27
25

"'l,/

30

35
Labeled 372

W ety

40

45
Labeled 47

50 | |

w gy

55
Labeled 57

60 | |

W o1,

65
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-continued
Labeled 67
F F
F. F F. F
H H
Il\I |
o sy,
(@] F (@] (@] F (@]

These six polyamides were chlorinated under more rigor-
ous conditions than the amide study in Example 1.

The chlorine exposure would be the equivalent of 869,000
ppm-hrs or approximately the exposure an RO plant operat-
ing at 1 ppm chlorine for 99.2 years. Without enough expo-
sure and, if many of these didn’t fail, little could be learned
regarding those that didn’t fail. On the other hand, over-
exposure would destroy all polymer samples and nothing
would be learned. Therefore, these conditions were arrived at
so that most polymer samples would fail and the degree of
failure could be documented.

The response on these linear polyamides was to measure
the % chlorine in the exposed samples.

Chlorine Addition to Moles of Chlorine

Linear Polyamides Sample Sample Label added/monomer unit
1 1Z 1.05
2 27 0.72
3 3Z 1.27
4 47 1.00
5 5Z 0.64
6 6Z 141

Samples 27 and 57 show the least amount of chlorine
addition and correspond to membranes made with the great-
est electron withdrawing group the trifluoromethyl (note:
trifluoromethyl is a stronger electron withdrawer than the
fluoro group). This suggests that membranes made with this
addition would be most preferred in preventing chlorine
attack. Also, the data support that electron withdrawing on
both sides is superior. 57 is not attacked by chlorine to the
extent of 27.

In this study, the fluoro group added to the amine side
doesn’t improve chlorine resistance compared to no fluoro
groups. Note: 67 and 37 is actually attacked to a greater
extent than 17.

In this study, a fully-fluorinated acid and a mono-fluori-
nated amine doesn’t protect from chlorine attack. This may be
due to weakening the amide bond resulting in hydrolysis and
chlorine addition.

Again, these chlorine exposures are far in excess of what’s
needed for chlorine resistant membranes. Under conditions
less rigorous, samples 27 and 57 that have the trifluoromethyl
group, might have shown no chlorine addition.

EXAMPLE 3

A chlorine resistant polyamide membrane was made from
the following equation:

NH,
COCl
5 F
4 -
NH,
CloC COClL
F
10 B o} 0]
{ gl !
// \\
15 F F
C=0
- —_
20 . ., . . .
The following test conditions were used: 800 psi applied
pressure, 32,000 mg/LL sodium chloride, 1 hour test time, 3.5
mg/L, chlorine when applicable.
25
Reverse Osmosis
Performance
Polyamide Amine Acid Chloride ~ Water Flux,  Rejection,
0 Membrane ID  Monomer Monomer gfd %
SST 342 4-FMPD MFTMC 13.8 98.6
SST 353 4-FMPD MFTMC 14.0 99.2
SST 354 4-FMPD MFTMC 12.7 99.2
35 Note:
The notations below refer to the above amine and acid chloride.
These data demonstrate that membranes can be made with
the above formulation.
40

EXAMPLE 4

Another chlorine resistant polyamide membrane was made
45 from the following equation:

NH,
cocl
50 F
F + —
\c NH
N\ > o cocl
F
55 B o) o]
H g Il
LN N—C cd.
60 F
F—T—F c=0
F

65
This membrane was tested for reverse osmosis membrane

performance
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RO Performance

Water Salt
Membrane Acid Chorine Flux, Rejection,
D Amine Chloride Tested gfd %
BOR427-1 DABTF  MFTMC X 17.4 94.2
BOR427-2 DABTF  MFTMC X 17.3 95.5
BOR427-3 DABTF  MFTMC X 16.0 95.2
BOR428-1 DABTF  MFTMC X 5.3 98.2
BOR428-2 DABTF  MFTMC X 9.5 97.5
BOR428-3 DABTF  MFTMC X 5.6 98.2
BOR428-1 DABTF  MFTMC X 5.3 97.9
Jul. 15,2012
BOR428-2 DABTF  MFTMC X 7.0 97.6
Jul. 15,2012
BOR428-4 DABTF  MFTMC X 8.3 97.8
Jul. 15,2012
BOR428-5 DABTF  MFTMC X 9.2 98.1
Jul. 15,2012

Test conditions: 800 psi applied pressure, 32,000 mg/L.
sodium chloride, 1 hour test time, 3.5 mg/L. chlorine when
applicable.

Note: The notations below refer to the above amine and
acid chloride.

These data demonstrate that membranes can be made with
the above formulation.

The foregoing detailed description is for the purpose of
illustration. Such detail is solely for that purpose and those
skilled in the art can make variations therein without depart-
ing from the spirit and scope of the invention.

What is claimed:

1. A chlorine resistant polyamide comprising reaction
product of an amine and an acid chloride monomer wherein
both the amine and the acid chloride monomer are modified
with electron—withdrawing such that exhibit sufficient activ-
ity to (i) minimize any chlorination on both the amine and
acid chloride and (ii) minimize N-chlorination;

the electron withdrawing groups are selected such that the

electron-withdrawing group is provided on both end of
the amide bond of the polyamide.

2. The chlorine resistant polyamide of claim 1 wherein the
amine is selected from the group consisting of 4-fluoro-m-
phenylenediamine, 2-fluoro-m-diphenylenediamine, 3,5-di-
aminobenzotrifluoride,  4,6-difluorobenzene-1,5-diamine,
and mixtures thereof.

3. The chlorine resistant polyamide of claim 1 wherein said
acid chloride monomer is selected from the group consisting
of monofluorotrimesoyl chloride IMFTMC), perfluorotrime-
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soyl chloride (PFTMC), nitrotrimesoyl chloride (NTMC),
perchlorotrimesoyl chloride (PCTMC), 1,3,5-benzenetri-(di-
fluoroacetoyl chloride) and mixtures thereof.

4. A chlorine resistant membrane including a chlorine
resistant polyamide wherein said chlorine resistant polya-
mide is a reaction product of an amine and an acid chloride
monomer wherein both the amine and the acid chloride
monomer are modified with electron-withdrawing groups
that exhibit sufficient acitivity to (i) minimize any chlorina-
tion on both the amine and acid chloride and (ii) minimize
N-chlorination; the electron withdrawing groups are selected
such that the electron-withdrawing group is provided on both
end of the amide bond of the polyamide.

5. The chlorine resistant membrane of claim 4 wherein said
amine is selected from the group consisting of 4-fluoro-m-
phenylenediamine, 2-fluoro-m-diphenylenediamine, 3,5-di-
aminobenzotrifluoride,  4,6-difluorobenzene-1,5-diamine,
and mixtures thereof.

6. The chlorine resistant membrane of claim 4 wherein said
acid chloride monomer is selected from the group consisting
of monofluorotrimesoyl (MFTMC), perfluorotrimesoyl chlo-
ride (PFTMC), nitrotrimesoyl chloride (NTMC), perchlorot-
rimesoyl chloride (PCTMC), 1,3,5-benzenetri-(difluoroac-
etoyl chloride) and mixtures thereof.

7. A reverse osmosis desalination unit comprising a mem-
brane support including a chlorine resistant membrane com-
prising a chlorine resistant polyamide wherein said chlorine
resistant polyamide is a reaction product of an amine and an
acid chloride monomer wherein both the amine and the acid
chloride monomer are modified with electron-withdrawing
groups that exhibit sufficient acitivity to (i) minimize any
chlorination on both the amine and acid chloride and (ii)
minimize N-chlorination; the electron withdrawing groups
are selected such that the electron-withdrawing group is pro-
vided on both end of the amide bond of the polyamide.

8. The desalination unit of claim 7 wherein said amine of
the chlorine resistant polyamide is selected from the group
consisting of 4-fluoro-m-phenylenediamine, 2-fluoro-m-
diphenylenediamine, 3,5-diamino benzotrifluoride, 4,6-dif-
luorobenzene-1,5-diamine, and mixtures thereof.

9. The desalination unit of claim 7 wherein said acid chlo-
ride monomer of the chlorine resistant polyamide is selected
from the group consisting of monofluorotrimesoyl chloride
(MFTMC), perfluorotrimesoyl chloride (PFTMC), nitrotri-
mesoyl chloride (NTMC), perchlorotrimesoyl chloride
(PCTMC), 1,3,5-benzenetri-(difluoroacetoyl chloride) and
mixtures thereof.



